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properties such as pore diame 

developed to  measure these properties, 

the factors  which a f f e c t  the flow and f i l t r a t i o n  properties of wire c lo th  

media and elements are investigated, 

include : 

In the present report, some of 

Specif ic  areas of invest igation 

1. examination of the modes of f i l t r a t i o n  applicable to  wire c loth  
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CHAPTER I 

THE FILTRATION MECHANISMS OF WIRE-CLOTH MEDIA 

1.1 

o r  f i  

of ter w i l l  i n t e r c e p t  

from t h e  f l u i d  passing through it. 

quant i ty  of contamination which the  f i l t e r  w i l l  handle while  s t i l l  per-, 

forming s a t i s f a c t o r i l y .  It i s  axiomatic t h a t  a f i l t e r  i n  s e rv i ce  w i l l  

gradual ly  c log  with contaminant and t h a t  i t s  r e s i s t a n c e  t o  the  passage 

of the  f l u i d  flowing through i t  w i l l  increase,  a s  ind ica ted  by a r i s i n g  

pressure  drop across  the  f i l t e r  f o r  a cons tan t  f low-rate  through it. 

It i s  necessary a l s o  t o  descr ibe  the  

It 

i s  common t o  spec i fy  a maximum pressure  drop a t  a given flow-rate,  a t  

which the  f i l t e r  element must be serv iced  o r  replaced. When t h i s  condi- 

t i o n  i s  reached, t h e  f i l t e r  element i s  s a i d  t o  be loaded, 

na t ion  capac i ty  of a f i l t e r  e 

contaminant which has been presented t o  i t  when i t  reaches t h  

The contami- 

en t  can be considered a s  t he  quant i ty  



t o  y i e ld  a contaminant ca 

can be s impl i f i ed  by quoting 

pressure  drop t o  reach a spec i f i ed  value,  e.g, , 50 lb/in2, a t  t h e  par-  

t i c u l a r  s teady f low-ra te  used. 

capac i ty  so quoted i s  the  weight presented to,  and not the  weight of 

contaminant a c t u a l l y  he ld  by t h e  f i l t e r  element. 

i c a l  contaminant capaci ty  curve wi th  the  capac i ty  r a t e d  numerically a t  

50 lb/in2 pressure  drop. 

e weight of c dded t o  cause the  

It should be noted t h a t  the  

Figure 1.1 shows a typ- 

The most common a r t i f i c i a l  contaminant used i n  f i l t e r  capac i ty  tests 

i s  composed of accura te ly  cont ro l led  mixtur i c a  pa r t i c l e s .  I n  

par ti co t u r e s  

used. The most c re AC Fine and AC C 



0.5 1.0 1.5 2.0 2.5 3.0 
CONTAMINANT ADDED, grams 

Figure 1.1. A Typical Contaminant Capacity 
Char ac ter i s t i c .  
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Figure 1.2. The T e s t  F i l t e r  Element. 

Length 4 in. 

0. D. 1.15 in. 

Pleat Depth 0,125 in. 

No. of P l e a t s  85 

F i l t e r  Media 165 2: 1400 Dutch T w i l l  Wire Cloth, 
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TABLE 1.1 

PAR SIZE D 

0-5 39 f 2 

5-10 18 f 3 

0 -5 12 f 2  

5-10 12 f 3 

10-20 16 f 3 10 -20 14 f 3 

20-40 18 f 3 20-40 23 f 3 

40-80 9 f 3  40 -80 30 f 3 

80 -200 9 k 3  

t e s t  element was c l e  

p a r t i c l e s  from i t s  pores. The s i z e s  and d i s t r i b u t i  of con taminan t s 

used i n  the  tests a r e  tabula ted  on Table 1.2. 

d between t e s t s ,  using an u l t r a s o n i c  bath t o  remove 
* 

TABLE 1.2 

TEST CONTAMINANT SIZES USED 

T e s t  No. 1 2  3 4 5 6 7 8 9  

Con taminant 
S ize  Range, 0-5 5-10 1 20-25 25-30 30-40 ACF ACC 
Micron 

1.2 Theore t ica l  Considerations 

Hermans and Bred6e (1 ned experimental  f i 1 ter contamination 

cycles  and proposed the  fol lowing s e r i e s  of poss ib l e  f i l t r a t i o n  mechanisms: 

* ** 
See Appendix C f o r  d e t a i l s .  See  Sec t ion  1.5 f o r  References. 
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1. Complete Blocking, which occurs when t h e  ind iv idua l  par t ic les  

are l a rge  enough t o  d i r e c t l y  plug t h e  f i l t e r  pores. 

2. Standard , which occurs when contamination pa 

en t  t o  t h e  wal l s  of 

walls.  The deposi ted p a r t i c l e s  can be smaller than the  pore 

s ize .  A continuous depos i t ion  of p a r t i c l e s  w i l l  eventual ly  block 

the  pore. 

Cake F i l t r a t i o n ,  which occurs when s o l i d  p a r t i c l e s  of contami- 

nant r e t a ined  a t  the f i l t e r  su r f ace  bu i ld  up as more contaminated 

f l u i d  i s  presented a t  t he  f i l t e r ,  t o  form a porous cake. 

ment and consequent s tacking  of t he  p a r t i c l e s  gradual ly  thickens 

the  cake, which a c t s  a s  t he  primary b a r r i e r  t o  flow through the  

f i l t e r  element. 

Intermediate  Blocking, which i s  loosely defined a s  a f i l t r a t i o n  

mode between s tandard blocking and cake f i l t r a t i o n ,  

3.  

Impinge- 

4. 

It i s  suggested t h a t  these  mechanisms can be used t o  descr ibe  the  

var ious p a r t s  of an a c t u a l  f i l t r a t i o n  cyc le  l a s t i n g  from the  c lean  f i l t e r  

condi t ion over the  use fu l  f i l t e r  l i f e ,  Each mechanism can be descr ibed 

by mathematical r e l a t ionsh ips  stemming from the  bas ic  f i l t r a t i o n  r a t e  

equations e 

* 

f o r  cons tan t  pressure-drop f i l t r a t i o n ,  and 

f o r  cons tan t  f low-rate f i l t r a t i o n ,  

* 
A general  nomenclature i s  given i n  Appendix A. 
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n = 2 f o r ' c o  

n = 1.5 f o r  s tandard blocking, 

n = 1 f o r  intermediate  blocking, 

n = 0 f o r  cake f i l t r a t i o n .  

From Equations (1.1) and (1.2), a series of r e l a t ionsh ips  can be 

developed t o  descr ibe  d i f f e r e n t  f i l t e r  operat ion modes (i. e. , constant  

pressure  drop, cons tan t  f low-rate,  e tc . )  and d i f f e r e n t  f i l t r a t i o n  mecha- 

nisms (i.e., s tandard blocking, cake f i l t r a t i o n ,  e tc .  ). 

r a t e  mode, Equation (1.2), is  more appropr ia te  t o  the  present  work, and 

the  following r e l a t ionsh ips  can be developed from it: 

The cons tan t  flow- 

For complete b locki  



For cake f i l t r a t i o n ,  n = 0, 

AP - = KcQV 4- 1 ( 1.6) 
AP0 

where Kb, Ks, Ki, and Kc a r e  the  appropr ia te  plugging constants ,  

Q i s  the  constant  f low-rate9 and APo i s  the  pressure  drop requi red  t o  

promote f low-ra te  Q of uncontaminated o i l  through the  f i l t e r .  

Gonsalves ( 1950);! confirmed the  f i l t r a t i o n  Equations ( 1.1) and (1.2), 

a m 

pore blocking. Thus, while  t he  r e l a t ionsh ips  of 

d a s  appl icable  t o  the  r e s u l t s  of t h e  f i l t e r  performance, an a 

of doubt e x i s t s  a s  t o  t h e  a c t u a l  mechanism of pore blocking. 

Use of Equations (1.1) t o  (1.6) t o  p red ic t  f i l t e r  performance r equ i r e s  

assessment of t he  plugging constants  K, and t h i s  has proven t o  be a very 

d i f f i c u l t  requirement. 

Grace ( 1953)3 considered cake f i l t r a t i o n  t o  

by the  f i l t r a t i o n - r a t e  equat ion 

be described genera l ly  

(1.7) 



The s p e c i f i c  cake r e s i s t a n c e  Q i s  d i f f i c u l t  t o  pred ic t ,  a s  i t  is  

subjected t o  wide va r i a t ions  even under nominally cons tan t  opera t ing  condi- 

t ions .  The only c l e a r  f a c t  i s  t h a t  Q v a r i e s  wi th  f i l t r a t i o n  pressure,  

which i s  a r e f l e c t i o n  of the  compress ib i l i ty  of the  f i l t e r  cake. 

quotes many re ferences  concerned with e s t ab l i sh ing  a! r e l a t ionsh ips ,  and 

considers  t h a t  the  most successfu l  outcome i s  t$e Kozeny-Carman Equation 

f o r  viscous flow i n  grannular beds. The r e l a t ionsh ip  assumes t h a t  the  

bed i s  composed of randomly packed d i s c r e e t  p a r t i c l e s  of random s i z e  and 

shape, and can be wr i t t en ,  

Grace 

3 
9 . =  e apg 

2 * L  
(1 - BSo A 

where Q/A represents  t he  mean flow ve loc i ty  through the  f i l t e r ,  

G i s  the  average cake poros i ty  or  void f r ac t ion ,  

L i s  the  cake thickness ,  

So i s  the  s p e c i f i c  su r face  of t he  contaminant p a r t i c l e s  

- sur face  a rea  of p a r t i c l e  - 
s o l i d  volume i n t o  which p a r t i c l e  w i l l  f i t  

B i s  a constant  depending on (1) p a r t i c l e  shape and i t s  

o r i en ta t ion ,  

B i s  f a i r l y  w e l l  e s t ab l i shed  a t  5 f l@ f o r  p a r t i c l e s  

down t o  5r~. i n  an incompressible cake. 

(2)  r a t i o  length of flow path/cake thickness.  

Neglecting f i l t e r  medium r e s i s t a n c e  Rm a s  small r e l a t i v e  t o  cake 

r e s i s t a n c e  cmV/A, Equations (1.7) and (1.8) a r e  combined t o  g ive  

e3 P, 
Q =  2 

(1 - e)' KSo rJ.A 

9 



experimental f a c t ,  

2. t he  s tandard blocking mechanism f i t t e d  experimental  da t a  f o r  a 

s i g n i f i c a n t  por t ion  of t h e  f i l t r a t i o n  cycle,  

3. t he  complete blocking and intermediate  blocking mechanisms have 

l imi ted  appl ica t ion ,  and t h e  regions of a f i l t r a t i o n  cyc le  t o  

which they can be appl ied a r e  i l l - d e f i n e d  and of s h o r t  duration. 

Complete blocking i s  only s i g n i f i c a n t  i n  the  few s i t u a t i o n s  where 

only p a r t i c l e s  l a rge r  than t h e  f i l t e r  pore s i z e  a r e  involved. 

Grace extended Equation (1.4) fo r  s tandard blocking t o  

(1.11) 

where a i s  the  volume of s o l i d  p a r t i c l e s  of contaminant removed, 

pe r  u n i t  volume of f i l t r a t e ,  

10 



t o  a prolonged 
t i o n ;  t h i s  continued u n t i l  t he  end of t he  run, ------ The da ta  ------- therefore ,  show t h a t  t he  f i l t r a t i o n  cyc le  genera l ly  
passes  through a number of modes. I n  each case,  a por t ion  of 
the  cyc le  can be s a t i s f a c t o r i l y  represented by the  mode of 
s tandard blocking, while  one o r  more regions appear t o  follow 
the  mode of cake f i l t r a t i o n ,  eyen though a t r u e  cake does no t  
e x i s t  i n  a macroscopic sense. ------ . A t t e m p t s  t o  apply the  
complete blocking law t o  the  i n i t i a l  region of f i l t r a t i o n  
per iod f a i l e d  i n  each case. 

Bennett and Myers ( 1962)5 expressed the  f i l t e r  medium r e s i s t a n c e  

of Equation (1.7) i n  t e r m s  of t he  hypothe t ica l  layer  of cake asso- Rm 

c i a t e d  wi th  a hypothe t ica l  quan t i ty  of f i l t r a t e ,  t o  give 'm' 

W V m  
R = : -  

m A (1.12) 

For an incompressible cake, cy i s  constant  and Equation (1.7) was 

s imp  1 i f  i ed t o  

SUMMARY 

w e l l  e s tab l i shed .  

The modes of blocking which occur i n  f i l t e r  media appear t o  be 

Each mode can be described mathematically and physically.  

of a f i l t e r  

i n  t h e  l i f e  

11 



1.3 The Experiments 

1.31 Procedure 

The test  f i l t e r  element of Figure 1.2 was f i t t e d  t o  the  housing 

i l l u s t r a t e d  on Figure 1.3. The housing design p e r m i t s  easy removal of 

t he  element f o r  examination and cleaning purposes. The p l ex ig l a s s  hous- 

i ng  cy l inder  allows v i s u a l  inspec t ion  of any bu i ld  up of contaminant on 

the  su r face  of t he  element. A desc r ip t ion  of the  test  s tand and i t s  

operat ion procedure i s  given i n  Appendix B. 

be i n i t i a l l y  f i l t e r e d  t o  a c l ean l ines s  condi t ion below the  l e v e l  on which 

Br ie f ly ,  t he  system oil can 

the  t e s t  f i l t e r  i s  e f f ec t ive .  Measured q u a n t i t i e s  of graded contaminant 

can be added t o  the  system o i l  upstream of the  test  element, and presented 

t o  the  element a s  a dispersed suspension. O i l  temperature and i t s  flow- 

r a t e  through the  f i l t e r  element can be maintained constant.  

The r e s i s t a n c e  of the  test  element t o  flow of uncontaminated o i l  a t  

the  spec i f i ed  f low-rate  was measured. This pressure  drop was subt rac ted  

from the  measured pressure  drop across  the  element t o  obta in  the  pressure  

drop due t o  the  presented contaminant. The increments of a r t i f i c i a l  

contaminant i n j e c t e d  var ied  somewhat f o r  the  var ious p a r t i c l e  s i z e  d i s t r i -  

t i ons  used (Table 1.2), and ranged from 0.3 gm of AC Fine Tes t  Dust t o  

1 gm of t he  30-40 micron s i z e  cut. 

s u f f i c i e n t l y  small  t o  give s u f f i c i e n t  po in ts  from which t o  p l o t  the  pres- 

su re  drop--contaminant added r e l a t ionsh ips  (F igure  1.4). The narrow band 

cu ts  of s i l i c a  p a r t i c l e s  used were separated from AC T e s t  Dust wi th  the  

Rol le r  P a r t i c l e  S ize  Analyzer, descr ibed i n  the  1964 Report. 

I n  a l l  cases, t he  increments were 

* 
Increments 

of a required s i z e  range were weighed t o  wi th in  0.005 gm of t h e  required 

* 
Annual Report, 1964, Contract NAS 8 11009, "Study of F i l t r a t i o n  

Mechanics and Sampling Techniques. Prepared a t  Oklahoma S t a t e  University.  
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value,  and placed i n t o  pre-cleaned 150 m l  sample bo t t l e s .  Pre-cleaned 

o i l  was added t o  the  bo t t l e s .  J u s t  p r i o r  t o  i t s  use, the  contaminant 

was dispersed i n  t h e  o i l  by v i g  

the  

The r e s u l t a n t  s l u r r y  was added t o  the  s y  

f i l t e r .  Allowing about 1 minute t o  ensure t h a t  a l l  of the  s l u r r y  was 

presented t o  the  f i l t e r ,  the  pressure  drop across  the  element was observed. 

The procedure was repeated u n t i l  s u f f i c i e n t  contaminant had been in j ec t ed  

t o  cause the  pressure  drop t o  r ise 50 lb/in2. 

the  tes t  housing was dismantled and the  element removed f o r  c leaning p r i o r  

t o  the  next test. 

contaminant passed through the  f i l t e r ,  and the  50 lb / in  

pressure  drop was no t  achieved wi th  the  amounts of contaminant added 

(Figure 1.4). 

On completion of a test, 

For the  p a r t i c l e  s i z e  c u t s  O-51~l, 5 - 1 0 ~ ~  most of the  

2 increase  in  

1.32 The Resul t s  

Figure 1.4 shows the  contaminant capaci ty  r e s u l t s  obtained f o r  the  

test  f i l t e r  element exposed t o  the  n ine  s i l i c a  p a r t i c l e  d i s t r i b u t i o n s  of 

Table 1.2 It i s  important t o  r e a l i z e  t h a t  contaminant capac i ty  r e f e r s  t o  

the  weight of contaminant pr-esented t o  the  f i l t e r ,  and no t  t o  the  weight 

of contaminant r e t a ined  by it. 

For the  narrow s i z e  cu t s  of Contaminant, t he  contaminant capac i ty  

r eases  t o  the  gion of the  15-20 c 

n capac i ty  increases  w p a r t i c l e  s i z e .  The contami 

2 
capac i ty  values  f o r  50 lb / in  

a r e  shown on Figure 1.5, The high values  of contaminant capac i ty  asso- 

c i a t e d  wi th  the  amaller p a r t i c l e  s i z e  c u t s  r e f l e c t s  the  passage through 

increase  i n  pressure  drop across  t h e  f i l t e r  
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1.33 Discu * 

Figure 1.6 ind ica t e s  t h a t  t h e  mean p S 

of the  order  20-25 microns. Figure 1.5 shows t h a t  the  re ference  contami- 

nat ion capac i ty  ( a r b i t r a r i l y  chosen a t  AP = 50 lb/in2 i n  the  present  

case)  when narrow s i z e  c u t s  of s i l i c a  a r e  used as the  t e s t  contaminant, 

reaches a minimum i n  a region of p a r t i c l e  s i z e  j u s t  below the  mean pore 

s ize .  I f  t he  re ference  capac i ty  was taken a t  AP = 40 lb/in2, the  mini- 

mum occurs a t  t he  same p a r t i c l e  s i z e  region. It appears t h a t  the  nominal 

capac i ty  versus  p a r t i c l e  s i z e  r e l a t i o n s h i p  experiences a d i scon t inu i ty  

j u s t  below the  ind ica ted  mean pore s i z e  of the  f i l t e r .  

could be modeled by a r e l a t ionsh ip  of t he  form shown on Figure 1.7, which 

The r e l a t i o n s h i p  

could r e a d i l y  be descr ibed mathematically i f  f u r t h e r  experimental r e s u l t s  

confirmed the  model. 

For t h e  present  experiments, t he  contamination l e v e l  of t he  o i l  

presented t o  the  f i l t e r  i s  nominally constant,  The flow r a t e  i s  a l s o  

s t an t .  Hence, t he  me of o i l  passing through the  f i l t e r  the  
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f o r  s tandard blocking, 

Ap * ($) = 1 - Ks'W 

f o r  in te rmedia te  blocking, 

log, ($-) = Ki'W 

f o r  incompressible cake f i l t r a t i o n ,  

K b ' s  Kb - k ;  
Q where 

- i =  AP Kc'W -I- 1 
AP0 

KSk Ks '  = - . 
2 '  

(1.15) 

(1.16) 

Ki' = Kik ; 

K ' = KcQk , 
C 

a r e  the  r e spec t ive  plugging constants ,  k being the  cons tan t  r a t i o  V/W. 

The form of r e l a t ionsh ips  (1.14) through (1.17) a r e  i l l u s t r a t e d  on 

Figure 1.8. 

f i l t r a t i o n  mechanism. Some of t he  nonl inear  por t ions  of each of the  curves 

of Figure 1.4 can be assoc ia ted  with one of the  other  mechanisms of f i l t r a -  

t ion.  

The l i n e a r  por t ions  of t h e  curves of Figure 1.4 f i t  the  cake 

I n f l e c t i o n s  i n  a p a r t i c u l a r  curve of Figure 1.4 ind ica t e  t h a t  changes 

occur i n  the  mechanism of f i l t r a t i o n  f o r  the  contaminant s i z e  c u t  asso- 

c i a t e d  wi th  t h a t  curve. 

s i z e  c u t s  i n d i c a t e  t h a t  t he  order of f i l t r a t i o n  mechanisms v a r i e s  wi th  

par t ic le  s i z e  cut.  

curves a r e  i n  opposing senses. 

The d i f f e r e n t  shapes of t h e  curves f o r  d i f f e r e n t  

For example, t he  i n f l e c t i o n s  of the 10-151.1, and 20-251.1, 

The 0 - 5 ~ ~  5 - 1 0 ~ 1 ~  lO-l51.1,, and 15-201.1, curves of Figure 1.4 seem t o  

follow a p a t t e r n  allowing f o r  the  incompleteness of t he  0 - 5 ~ ~  5-101.1, 

20 
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t i a l  increas  

proceeds fu r the r ,  the  s lope  begins t o  increase.  The contamination capac- 

i t y  increases  with s i z e  cu t  as r e f l e c t e d  on Figure lc5. 

The s lopes  of the  AC Fine and AC Coarse curves on Figure 1.4 increased 

con t inua l ly  with p a r t i c l e  s i z e  cut .  

It  i s  apparent t h a t  the  l i n e a r  s ec t ions  of t he  l O - l 5 ~ ,  15-20~) 20-25~, 

2 5 - 3 O ~ ,  and 30-&OM curves, shown OR Figure 1.9, f i t  the  incompressible 

cake f i l t r a t i o n  model. Equation 1.17 can be wr i t t en ,  

P = CAW f c2 (1.18) 

where C1 = Kc'.APo i s  the  s lope ;  C2 - AP i s  the  AP i n t e r c e p t  va lue  

a t  W = 0 assoc ia ted  wi th  the linear por t ion  of t h e  AP - W curve. It 

i s  in fe r r ed  tha t ,  a f t e r  an i n i t i a l  nonl inear  region of f i l t r a t i o n ,  each 

cycle  e n t e r s  a reg  of cake f i l t r a t i o n ,  I i n i t i a l  f i l t r a t i o n  mecha- 

n ter i s  d 

0 
where C1 = Kc'.APo i s  the  s lope ;  C2 - AP i s  the  AP i n t e r c e p t  va lue  

a t  W = 0 assoc ia ted  wi th  the linear por t ion  of t h e  AP - W curve. It 

i s  in fe r r ed  tha t ,  a f t e r  an i n i t i a l  nonl inear  region of f i l t r a t i o n ,  each 

cycle  e n t e r s  a region of cake f i l t r a t i o n ,  I i n i t i a l  f i l t r a t i o n  mecha- 

0 
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F i l t e r  E l e m e n t  De n a n ~  Capacity T e s t .  
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i l l u s t r a t e s  the  formation of a f i l t e r  cake. The bands on the  f i r s t  

of s i l i c a  a r e  used t o  examine wire c l o t h  f i l t e r s .  

The r a p i d  increase  i n  s lope  a t  e ends of t h e  l i n  

the  2 0 - 2 5 ~ ~  25-30,> and 30-40, curv 

s t r u c t u r a l  co l l apse  of the  cake under the increas ing  pressure  drop. Such 

a compression o the  cake would a c t  t o  increase  t h e  cake r e s i s t a n c e  t o  

flow, wi th  a corresponding increase  i n  s lope  of the  AP - W r e l a t i o n -  

ship. This typ of sudden increase  i n  cake resist e during a f i l t e r  

contamination cyc le  has been noted by previous w ~ r k e r s l ’ ~ .  It i s  sug- 

gested t h a t  t h e  1 5 - 2 0 ~ ~  l O - l 5 ~ ~  and smaller s i ze -cu t  curves could experi-  

ence a s i m i l a r  t r a n s i t i o n  from incompressible cake t o  compressible cake 

f i l t r a t i o n ,  i f  t he  contaminant addi t ion  cyc le  was extended s u f f i c i e n t l y .  

i s  considered t o  be due t o  the  

Equation (1.16) f o r  intermediate  blocking can be w r i t t e n  

where 

nd AC Coarse m i  e 1.11 a l s o  shows the  loglo 

parent  t h a t  each case  i l l u s t r a t e d  

on Figure 1.11 f i t s  the  intermediate  blocking mechanism of f i l t r a t i o n .  

25 
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It i s  poss ib l e  a l s o  t h a t  the  i n i t i a l  por t ion  Of the  15-20~  curve of Figure 

1.4 would f i t  the  intermediate  blocking model i f  s u f f i c i e n t  experimental 

po in ts  were ava i l ab le  t o  j u s t i f y  a plot .  

The i n i t i a l  shape of t he  AP - W curves f o r  t he  l a rge r  p a r t i c l e  s i z e  

(2O-25~, 2 5 - 3 0 ~ ,  3 0 - 4 0 ~  of Figure 1.4) does no t  appear t o  f i t  any c u t s  

of the  proposed f i l t r a t i o n  mechanisms (Figure 1.8). However, a s  the  dura- 

t i o n  of the  i n i t i a l  region i s  very s h o r t  and the  p l o t s  contain few poin ts ,  

the  i n i t i a l  shape i s  somewhat obscure and can be regarded a s  a t r a n s i t i o n  

region leading t o  the  cake mechanism. 

1.4 Conclusions 

( a )  When a w i r e  c lo th  f i l t e r  i s  exposed t o  o i l  car ry ing  contaminant 

of a narrow s i z e  band, the  poss ib l e  mechanisms of f i l t r a t i o n  appear t o  

be s imi l a r  t o  those proposed by Herman and BredAel from da ta  assoc ia ted  

wi th  t e x t i l e  depth f i l t e r  media. 

( b )  A wire  c lo th  f i l t e r  i s  most suscep t ib l e  t o  p a r t i c l e s  i n  a s i z e  

range j u s t  below the  mean pore s i z e  ind ica ted  by e f f i c i ency  o r  porosimeter 

t e s t s  on the  wire  c loth.  

( c )  When subjected t o  narrow s i z e  cu t  p a r t i c l e s  i n  the  ranges of 

s i z e  about i t s  mean pore s i z e  the  wire  c l o t h  contamination cycle  includes 

a s u b s t a n t i a l  amount of cake f i l t r a t i o n .  For s i z e  c u t s  below the  mean 

pore s i z e ,  t he  f i l t e r  i n i t i a l l y  experiences the  intermediate  blocking 

mechanism f o r  a region of the  cyc le  which decreases as p a r t i c l e  s i z e  

range increases ,  following which i t  e n t e r s  the  incompressible cake f i l t r a -  

t i o n  region. For p a r t i c l e  s i z e  cu t s  around and g rea t e r  than the  mean 

pore s i z e  of t he  w i r e  c lo th ,  the  i n i t i a l  mechanism of f i l t r a t i o n  i s  

indeterminate  and of s h o r t  dura t ion  p r i o r  t o  development of the  

27 



incompressible cake mechanism. I f  s u f f i c i e n t  contaminant i s  added, t he  

inc reas ing  pressure  drop can cause an incompressible cake t o  compress, 

increas ing  i t s  r e s i s t a n c e  t o  flow through it. 

( d )  Mixed s i z e  c i on  f 

f i l t e r .  For the  mixed contaminants used, the  f i l t e r  contamination cyc le  

followed the  in te rmedia te  blocking mechanism, i n f e r r i n g  t h a t  t h i s  was the  

mechanism most l i k e l y  t o  occur i n  a c t u a l  f i l t e r  performance. 
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CHAPTER 11 

EFFECTS OF ELEMENT CONFIGURATION AND HOUSING DESIGN 

UPON FILTER PERFORMANCE 

2.1 In t roduct ion  

The bas i c  ingredien t  i n  a f i l t e r  element i s  t h e  medium from which 

the  element i s  constructed.  I n  general ,  the  type of medium se l ec t ed  de te r -  

mines quan t i ty  and s i z e s  of the  contaminant which w i l l  be removed from a 

system. There are ,  however, design p r a c t i c e s  which can have an e f f e c t  

upon the  performance of a f i l t e r  element from both a contaminant removal 

and flow r e s i s t a n c e  standpoint.  These e f f e c t s  r e s u l t  both from element 

design and housing design, I n  t h i s  regard,  a series of t e s t s  were devised 

and conducted t o  determine the  e f f e c t s  on performance r e s u l t i n g  from v a r i -  

ous housing and element configurat ions.  

2.2 Housing Design Tests 

2.21 Procedure 

To f a c i l i t a t e  the  inves t iga t ion  of housing e f f e c t s ,  an experimental 

test housing (Figure 1.3) was designed and constructed i n  such a manner 

t h a t  the  housing of the  c y l i n d r i c a l  sec t ion  encasing the  f i l t e r  element 

could be se l ec t ed  a r b i t r a r i l y .  Four p l ex ig l a s s  housings of d i f f e r e n t  

diameters were used i n  order  t o  i n v e s t i g a t e  the  e f f e c t  upon contaminant 

capaci ty  of d i f f e r e n t  annular c learances  between the  f i l t e r  housing and 

the  f i l t e r  element. Figure 2.1 i l l u s t r a t e s  t h e  experimental f i l t e r  hous- 

ing  and two of t h e  add i t iona l  p l ex ig l a s s  housings. The commercial 





TABLE 2.1 

FILTER HOUSING MEASUREMENTS 

~~~~~~- ~ 

F i l t e r  Housing F i l t e r  Housing Diame t r a  1 
Des ign a t ion Ins ide  Diameter Ratio,  D/d 

D - 1  P lex ig lass  1.25 inches 1.11 

D-1  P lex ig lass  1.50 inches 1.33 

D-3 P lex ig lass  2.00 inches 1.78 

D-4 P lex ig lass  3.75 inches 3.35 

C-1 Commercial 1.35 inches 1.20 
~ 

Note: The outs ide  diameter of t he  f i l t e r  element, 
d 1.125 inches. 

I n  a l l  of t he  tests concerning t h e  e f f e c t s  of annular clearance,  the  

red the  housing i n  such manner t h a t  i t  w 
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a t h i n  d i sk  b a f f l e  containing an o r i f i c e  s l o t  was placed on top of t he  

f i l t e r  element a s  shown i n  Figure 2.3. 

The experimental housing models were i n s t a l l e d  i n  the  test sec t ion  

of the  F i l t e r  Evaluation Test Stan 

conducted. 

mined pressure  drop across  the  element cons t i t u t ed  the  contaminant capac i ty  

of the  element. Detai led explanat ions of the  F i l t e r  Evaluation Tes t  Stand 

and the  procedures f o r  determining t h e  contarninant capac i ty  a r e  descr ibed 

i n  Appendix B. 

capac i ty  tests was c l a s s i f i e d  AC test  dust ,  which had been processed t o  

obta in  a 20-40 micron s i z e  range. 

ca t ion  of t he  test dus t  i s  described i n  the  1964 report .  

dus t  was used i n  order  t o  minimize the  confusion c rea ted  by i n j e c t i n g  a 

The quan t i ty  of contaminant necessary t o  produce a prede ter -  

The experimental  contaminant used i n  a l l  t he  contaminant 

The technique used f o r  s i z e  c lass i f i -  

C las s i f i ed  tes t  

wide range on contaminant s i z e s  i n  contaminant capac i ty  determinations.  

Moreover, s ince  the  20-40 micron t e s t  dust  had previously exhib i ted  a 

tendency t o  form a f i l t e r  cake, t he  e f f e c t  of housing conf igura t ion  on 

the  apparent cake mode of f i l t r a t i o n  occurr ing wi th  the  wire c l o t h  element 

could be observed with graded contaminant of t h i s  s i z e  range. 

2.22 Resu l t s  

The r e s u l t s  f o r  $he var ious f i l t e r  housing configurat ions a r e  shown 

i n  Figure 2.4 a s  a p l o t  of the  n e t  d i f f e r e n t i a l  p re s su re  across  the  element 

versus  t h e  contaminant added. Figure 2.5 i s  an expansion of a region of 

the curves of Figure 2.4 near the  re ference  d i f f e r e n t i a l  pressure,  

p l o t  of the  contaminant capaci ty  versus  the  d iamet ra l  r a t i o  of the  hous- 

i n g  and element i s  shown i n  Figure 2.6. For the  l a rge r  c learances  between 

the  element and housing, i.e., l a r g e r  Did r a t i o s ,  t he  t rend of t h e  r e s u l t s  

A 
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i nd ica t e s  t h a t  t he  contaminant capac i ty  approaches a l imi t ing  value. 

Further  increases  i n  the  f i l t e r  housing i n s i d e  diameter would have a 

n e g l i g i b l e  e f f e c t  on the  ove r -a l l  contaminant capacity.  

r a t i o  approaches uni ty ,  t he  contaminant capac i ty  decreases. These r e s u l t s  

A s  t he  diametral  

r evea l  a design parameter which i s  important i n  the  s e l e c t i o n  o r  design 

of a f i l t e r  element housing. 

From Figure 2.5 it can be seen t h a t  the  maximum v a r i a t i o n  i n  the  

contaminant capac i ty  a t  a re ference  d i f f e r e n t i a l  p ressure  of 50 p s i  i s  

approximately 8.45%. 

experimental housing D-4, which had the  l a r g e s t  D/d r a t i o .  

the  contaminant capac i ty  of housing D - 1  wi th  the  o r i f i c e  d i sk  i n s t a l l e d  

t o  i t s  capaci ty  without t he  o r i f i c e ,  i t  can be seen t h a t  the  entrance 

e f f e c t s  induced by the  d i s k  r e su l t ed  i n  a decrease i n  t h e  contaminant 

capaci ty  of t he  element. A reduction of 6*1% was observed when 20-40 

micron t e s t  dus t  was used a s  the  experimental contaminant; another t e s t  

with 20-30 micron tes t  dus t  r e su l t ed  i n  a s imi l a r  reduction i n  the  contami- 

nant capac i ty  of t he  f i l t e r  element. Similar  r e s u l t s  could be  expected 

with commercial housings having an unsymmetrical entrance po r t  arrange- 

ment. 

The maximum contaminant capaci ty  occurred wi th  

By comparing 

The reduct ion i n  contaminant capac i ty  of t he  element when used with 

the  o r i f i c e  disk,  and a l s o  i n  test  housings wi th  smaller  diametral  r a t i o s ,  

appears t o  be r e l a t e d  t o  the  f l u i d  ve loc i ty  d i s t r i b u t i o n  over t he  sur face  

of the  f i l t e r  element. The o r i f i c e  d i s k  induces a higher  f l u i d  v e l o c i t y  

i n  the  region of t he  f i l t e r  sur face  adjacent  t o  the  o r i f i c e .  I t  was 

v i s u a l l y  observed t h a t  t he  increased turbulence i n  the  f l u i d  s t reamlines  

r e s u l t i n g  from the  assymmetric v e l o c i t y  d i s t r i b u t i o n  reduced the  caking 



a b i l i t y  of the  contaminant on t h e  sur face  of the  element. I n  turn ,  the  

observed reduct ion i n  thickness  of the  f i l t e r  cake beneath the  o r i f i c e  

was r e f l e c t e d  by the  decrease i n  t h e  contaminant capac i ty  of the  element. 

The housings having smaller  diametral  r a t i o s  cause a higher  t angen t i a l  

f l u i d  v e l o c i t y  over the  sur face  of the  element due t o  a smaller  annular 

c learance between the  element and the  housing. 

and the  r e s u l t a n t  reduct ion i n  caking a b i l i t y  may explain,  i n  a manner 

s imi l a r  t o  t h a t  observed with the  o r i f i c e  disk,  the  decrease i n  contami- 

nant capac i ty  a s  D/d decreases. - 

The higher  f l u i d  ve loc i ty  

2- 23 Conclusions 

The use of housings which provide f o r  a symmetrical f l u i d  flow i n t o  

the element can r e s u l t  i n  an increased contaminant capacity.  Increasing 

the  c learance  between element and housing a l s o  y i e l d s  an increased 

capacity.  The r e s u l t s  of t h e  tests reported here in  ind ica t e  t h a t  t he  

change i n  contaminant capaci ty  induced by changes i n  housing design i s  

l e s s  than 1%. 

take precedence over t he  d e s i r e  f o r  such a s l i g h t  improvement i n  capac- 

i t y -  

I n  most appl ica t ions ,  housing s i z e  requirements would 

2.3 Element Design Ef fec t s  

The e f f e c t s  of element design upon the  f i l t r a t i o n  and flow perform- 

ance of wi re  c l o t h  f i l t e r  elements was inves t iga ted  by t e s t i n g  a number 

of f i l t e r  elements. 

Wintec Corporation of Inglewood, Cal i forn ia ,  were constructed to  OSU 

spec i f i ca t ions .  

a s ses s  the  r e l a t i v e  r e s u l t s  of v a r i a t i o n s  i n  area,  p l e a t  depth, and 

number of p l e a t s  on the  performance of an element. 

These elements, which were made ava i l ab le  by the  

The dimensions (Table 2.2) were se l ec t ed  i n  order  t o  
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TABLE 2.2 

CHARACTERISTICS OF TEST FILTERS 

Element Number Nominal Nominal 
No. of P l e a t s  Depth ( in. ) Area (sq. in. ) 

107 0.125 

74 0.125 

36 0.125 

42 0.080 

114 0.070 

40 0.250 

80 0.250 

Cyl indr ica l  Element 

105 

70 

35 

30 

70 

70 

140 

14.3 

2.31 

Note: A l l  elements were constructed from 165 x 1400 wire  
c l o t h  and had an i n s i d e  diameter of 1.125 in. Inner  
support  tube was constructed from 20 mesh (.016 in.  
w i r e ) .  

Flow - Performance Tes t s 

Two types of tests were c a r r i e d  out  t o  measure t h e  changes i n  f i l t r a -  

t i on  performance and flow performance r e s u l t i n g  from element design v a r i -  

a t ions.  The f i r s t  was a pressure  drop versus  flow ra te  test which was 

conducted on the  F i l t e r  Media Performance Stand. The elements were 

i n s t a l l e d  i n  the  test  f i x t u r e  of Figure 1.3 wi th  the  3.75 in. I . D .  hous- 

i ng  i n  place. The test  f l u i d ,  Mil-H-5606, was maintained a t  100°F 

( v i s c o s i t y  = 12.0 cp)  throughout the  test. 

The pressure  d i f f e r e n t i a 1 , a c r o s s  the  test  sec t ion  was recorded a t  

2.5 gpm in te rva ls .  A correc t ion  f o r  t he  pressure  loss due t o  housing 
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losses  was determined by measuring the  pressure-flow r e l a t i o n s h i p  across  

a "dummy" f i l t e r  element i n s t a l l e d  i n  the  housing. The "dummy" element 

cons is ted  of the  20 mesh support  screen and end f i t t i n g s  which were 

i d e n t i c a l  to  those of the  test elements. Subt rac t ing  t h i s  pressure  

co r rec t ion  r e s u l t e d  i n  the  pressure-f low cont r ibu t ion  

the  medium i t s e l f .  Figure 2.7 shows the  AP versus Q curves f o r  each 

( AP versus Q) of 

of the e i g h t  elements tes ted.  From t h i s  data ,  a s p e c i f i c  flow conductance 

t e r m  was ca l cu la t ed  f o r  each element from the  fol lowing d e f i n i t i o n ,  

gpm Spec i f i c  Flow Conductance (SFC) = 

Table 2.3 gives  the  SFC f o r  the  test  elements. 

T A B U  2.3 

SPECIFIC FLOW CONDUCTANCE RESULTS 

Element Spec i f i c  Flow Conductance 
Number (gpm/psi-sq. in .  ) 

* 079 

.223 

.212 

.211 

. 183 

.213 

093 

.238 

Figure  2.8 i s  a graph of t h e  Spec i f i c  Flow Conductance versus  the  

number of p l e a t s  f o r  elements 2, 5 and 6. These elements each have an a rea  
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s for T e s t  E l e m  Figure 2.7. vs. Q 

42 



# 
4.l 
(d 
a, 
rl 
@I 

w 
0 

k 
a) 
P 

z 
m 
3 

43 



of 70 sq. in. bu t  d 

number of p l e a t s  increases .  These narrowed drainage channels se rve  t o  

res t r ic t  the  flow and the re fo re  reduce the  conductance of t h e  element. 

Figure 2.9 i s  a p l o t  of SFC versus number of p l e a t s  f o r  elements 1, 

2, and 3 which have a common p l e a t  depth of 0.125 in., and f o r  elements 

6 and 7 which have a 0.250 in.  depth. The same t rend may be noted a s  

occurred i n  Figure 2.8, namely, t h a t  t h e  s p e c i f i c  conductance decreases 

with increasing p l e a t  numbers. Figure 2.10 i s  a graph of the  conductance 

da ta  f o r  elements 3 ,  4, and 6. These f i l t e r s  have approximately the  same 

number of p l e a t s  (36, 42, and 40 respec t ive ly) ,  but t h e i r  a reas  and p l e a t  

depths vary. This f i g u r e  shows t h a t  no change i n  canductance r e s u l t e d  

from varying the a reas  and p l e a t  depths while holding the  number of p l e a t s  

constant.  However, a s  the  number of p l e a t s  increase,  t he  e f f e c t s  of 

changes i n  depth upon the  s p e c i f i c  conductance may become s i g n i f i c a n t  a s  

t he  length of narrowed drainage channel between p l e a t s  increases.  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  s p e c i f i c  conductance of t he  cyl-  
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because no pressure  losses  due t o  a change i n  flow d i r e c t i o n  were involved 

i n  flowing through the  f l a t  specimen. 

2.32 F i l t r a t i o n  Performance Tests 

The second type of tes t  conducted on each of the  elements was a 

contaminant capac i ty  test. These tests were performed on the  F i l t e r  

Evaluation T e s t  Stand (Appendix B). 

0,1 gpm per  sq. in.  of f i l t e r  a rea  was maintained throughout each t e s t ,  

and the  f l u i d  temperature was held cons tan t  a t  100°F. The quan t i ty  of 

contaminant which was added incremental ly  was 0.00286 gram p e r  sq, in. 

of f i l t e r  area. This was done i n  order  t o  present  the  same contaminant 

l e v e l  t o  each f i l t e r  during the  i n j e c t i o n  cycle. 

A cons tan t  s p e c i f i c  flow r a t e  of 

Figure 2.11 shows the  contaminant capac i ty  curves f o r  each of the  

t e s t  elements. 

a t  the  

capac i ty  f o r  each element as defined by: 

Table 2.4 gives the  contaminant capaci ty  of each element 

re ference  pressure  of 40 ps id ,  and the  s p e c i f i c  contaminant 

Spec i f i c  Contaminant - Contaminant Capacity a t  40 ps id  
Capacity ( SCC) sq. in ,  of F i l t e r  Area 

- 

Also shown i n  the  t a b l e  i s  the  capac i ty  and s p e c i f i c  capac i ty  of t he  2- 

inch diameter f l a t  sample, 

Figure 2.12 i s  a graph of SCC versus  a rea  f o r  each of t he  elements 

tes ted.  The f i g u r e  shows t h a t  a s i g n i f i c a n t  loss  of capac i ty  accompanies 

any p l e a t i n g  process but  t h a t  t h e  na tu re  of the  v a r i a t i o n s  caused by 

changes i n  f i l t e r  area,  number of pleats,  and p l e a t  depth is  r e l a t i v e l y  

i n s i g n i f i c a n t  once an element i s  convoluted. 

had a s p e c i f i c  capac i ty  equal t o  t h a t  of the  f l a t  medium, 0.0383 gms/sq. 

in. ,  whi le  the  average of t he  s p e c i f i c  capac i t i e s  of the  seven p lea ted  

The c y l i n d r i c a l  element 
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2 

3 

4 

5 

6 

7 

a 
F l a t  

0.80 

1.84 

1.84 

3.87 

0.55 
0.12 

0.0266 

0.0263 

0.0263 

0.0276 

0.0384 

0.0383 

elements was 0.0263 gms/sq.in. 

i t y  s tandpoint ,  a p lea ted  element w i l l  have 7076 of the  capaci ty  calcu-  

l a t ed  from capac i ty  tests performed on a f l a t  sample of media. 

reduct ion i n  capac i ty  r e s u l t i n g  from p l e a t i n g  may be  a c h a r a c t e r i s t i c  

of the  type of w i r e  c l o t h  used; however, t he  reduct ions using o the r  s i z e s  

of c l o t h  can be expected t o  of t he  same order. 

The r e s u l t s  i n d i c a t e  t h a t  from a capac- 

The 30$ 



the  pressure  loss through a convoluted medium a t  a given flow 

r a t e  w i l l  be g rea t e r  than the  pressure loss  through a f l a t  medium 

of the  same a rea  a t  t he  same flow ra t e .  This  reduct ion i n  flow 

ef f ic iency ,  which i s  represented by a decrease i n  the  s p e c i f i c  

conductance term, becomes increas ingly  pronounced a s  the  number 

of p l e a t s  increases.  

2. The s p e c i f i c  contaminant capac i ty  of a p lea ted  element i s  reduced 

by approximately 3 6  over t h a t  of a f l a t  o r  c y l i n d r i c a l  element. 

On the  b a s i s  of the  da t a  presented, t h i s  reduct ion i s  v i r t u a l l y  

constant  and independent of changes i n  area,  p l e a t  depth, and the  

number of p l ea t s ,  



3.1  

The r e s u l t s  reported i n  the  1964 repor t  were pr imar i ly  generated 

during the  development of methods to  measure the  properties of w i r e  c l o t h  

f i l t e r  media. 

media have been t e s t e d  t o  determine t h e i r  p roper t ies .  Table 3.1 i s  a 

summary of the  da ta  obtained from the  media t e s t ed  during the  pas t  year  

as  w e l l  as a r e p e t i t i o n  of most of t h e  test  da t a  from the  1964 report .  

Of the  group tes ted ,  s eve ra l  d i f f e r e n t  p a i r s  of media were examined which 

were i d e n t i c a l  except t h a t  one member of each p a i r  was s in t e red  while the  

o ther  was unsintered.  An ana lys i s  of t he  e f f e c t  of the  s i n t e r i n g  proc- 

e s s  upon the  p rope r t i e s  of the  media i s  discussed i n  Sect ion 3.2. 

Since the  1964 repor t  was wr i t t en ,  numerous o ther  f i l t e r  

Two test programs were conducted t o  measure the  f i l t r a t i o n  perform- 

ance of w i r e  c l o t h  media. 

contaminant capac i ty  of a number of samples of dutch t w i l l  media were 

tes ted.  

microns. The second program involved the  measurement of t h e  s p e c i f i c  

I n  the  f i r s t  of these  programs, the  s p e c i f i c  

The average pore diameters of these  media ranged from 12 t o  30 
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PROPERTIES OF FILTER MEDIA 

Average Diameter (Microns) Permeability ( G') 

Porosimeter Boi 1 ing Theoretical Specimen Porasity 

0:/32 D,"/32 * ($1 Test Test Measured 
Ih h 

Number 

1 
2 
3 
4 
5 
6 
7s as 
9s 
10s 
116* 
12s 

14S* 
15 S 
16s 
17 
188* 
1gsw 
20s 
20 
21 
218 
geS 
22 
238 
23 
24 
248 
25 8 
25 
26s 
a6 
278 
28 
28s 

13su 

53.1 
6% 5 
38.4 
36.7 
37.8 
37.8 
52. 5 
42.2 
37.9 
42, 3 
66.5 
74.2 
72.8 
62.4 
16.5 
66.8 
49.8 
55.8 
57.2 
53.5 
49.0 
26.2 
25.7 
57.3 
57.0 
36.4 
36.2 
51.8 
51.8 
51.8 
52.6 
61.0 
59.6 
74.6 
72*9 
65.2 

51.0 
35.5 
23.5 
12.0 
19.5 
13.0 
32.0 
16.5 
23.5 
14.5 
17.0 
64.0 
13.5 
11.0 
9.0 
46.5 
21.0 
14.5 
15eO 
11.0 
10.5 
23.5 
22.0 
22.0 
23.5 
19.5 
19.5 
26.0 
8.0 
46.5 
41.0 

54.5 
35.0 
25.5 
11.5 
17.0 
11.5 
37.0 
16.5 
24.5 
12.5 
18.0 
52.5 
19.5 
14.0 
13.5 
34.0 
21.5 
11.5 
13.5 
14.5 
14.0 
22.0 
22.5 
24.0 
25.0 
18.0 
17.0 
360 
36.5 
46.0 
k?* 5 

80.5 
99.3 
103.0 

ZJ::: 

98.0 
42.4 
16.3 
4.1 
9.9 
4.6 

46.8 
9.5 
16.7 
6.3 
18.1 
176.5 
29.9 
5.3 
3.5 
47.6 
12.7 
4.0 
6.8 
3.2 
3.2 
16.8 
20.7 
16.1 
15.6 
11.2 
10.7 
48.3 
56.5 
62.2 

, 51.8 
152.0 
108.0 
350.0 
199.0 
33860 

81.3 93.0 
39.4 38.2 
17.3 20.3 
4.5 4.1 
11. g 9.0 
5.3 4.1 
3% 0 42.8 
8.5 8.5 
17.3 18.7 
6.6 4.9 
9.0 10.1 

128.0 86.0 
5.7 11.9 
3.8 6.1 
2.5 5.7 
67.5 36.1 
13.8 14.4 
6.6 4.1 
7.0 5.7 
3.3 4.5 
3.4 6.1 
17.2 15.1 
1s. 1 15.8 
15.1. 18.0 
17.2 19.5 
11.9 10.1 
11.9 9.0 
21.1 40.5 
24.5 41.7 
67.5 65.1 
52.5 56.4 

158.0 
128.0 
202.0 
308.0 
332.0 

53 



3.2 Effec t s  of S i n t e r i n g  on t h e  P rope r t i e s  of Wire Cloth Media 

Figure 3.1  i s  a graph of the  average diameter of t he  s i n t e r e d  media 

versus  the  average diameter of the  corresponding unsintered media. The 

l i n e  drawn on the  graph i s  the  l i n e  of equivalent  d i aqe te r  . It i s  appar- 

e n t  from the  f a c t  t h a t  t h e  da t a  po in t s  f a l l  s l i g h t l y  above t h i s  l i ne ,  

t h a t  the  s i n t e r i n g  process can r e s u l t  i n  a small  increase  i n  the  average 

diameter. This  e f f e c t  i s  f u r t h e r  apparent i n  Figure 3.2 which shows the  

measured permeabi l i ty  of the  s i n t e r e d  media t o  exceed t h a t  of t he  unsin- 

te red  media. 

i s  propor t iona l  t o  the  square of i t s  average diameter, t he  diameters of 

the  s i n t e r e d  media a r e  again shown t o  exceed those of the  unsintered. 

Recal l ing from the  1964 r epor t  t h a t  a medium's permeabi l i ty  

3.3 Spec i f i c  Contaminant Capaci t ies  of Dutch T w i l l  Media 

A s e r i e s  of t e s t s  were conducted on a group of dutch t w i l l  media 

having var ious  average diameters. The purpose of these  tests was t o  

measure the  s p e c i f i c  contaminant capac i ty  of dutch t w i l l  media as a func- 

t i o n  of average diameter. I n  order  t o  perform the  tests on t h e  F i l t e r  

Media Performance Stand, an a u x i l l i a r y  i n j e c t i o n  system was constructed 

(see Figure 3 . 3 ) .  

each case,  and a s p e c i f i c  flow r a t e  of 0.1 gpm/sq. in. was maintained 

throughout t he  test. 

A 2-inch diameter sample of each medium was used i n  

'The f l u i d  temperature was he ld  constant  a t  10O0F. 

Table 3.2 i s  a summary of the  da t a  giving the  average diameter 

(porosimeter tes t )  and s p e c i f i c  contaminant capac i ty  f o r  each medium 

tested.  Figure 3.4 i s  a graph of t h i s  data.  The increase  i n  s p e c i f i c  

capac i ty  wi th  increased diameter i s  due t o  the  n a t u r e  of t he  d e f i n i t i o n  

of contaminant capac i ty  which i s  commonly i n  use. 

the  l a rge r  diameters a r e  merely less a f f ec t ed  by contamination because 

The samples having 
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4 20.5 a 108 .034 

5 23.5 a 120 .038 

6 30.5 225 .072 

of t h e i r  poorer f i l t r a t i o n  e f f i c i enc ie s .  This da t a  i n  combination with 

t h a t  of the  previous chapter  can a id  a designer i n  the  se l ec t ion  of a 

f i l t e r  element which w i l l  have a given contaminant capaci ty .  

3.4 Ef fec t s  of Flow Rate on Contaminant Capacity 

The na tu re  of t he  v a r i a t i o n  i n  s p e c i f i c  contaminant capac i ty  a s  a 

func t ion  of s p e c i f i c  flow r a t e  was examined. The tes t  i n t e r v a l  covered 

s p e c i f i c  flow r a t e s  from 0.1 t o  1.0 gpm/sq. in. 

of 165 x 1400 wire  c l o t h  was used f o r  the  tes t  program and AC F ine  tes t  

A 2-inch diameter sample 

dust  was t h e  contaminant. The test  procedure was a s  follows: 

1. The s p e c i f i c  flow r a t e  f o r  t he  p a r t i c u l a r  test  was e s t ab l i shed  

recorded. 
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4. 

The 

ps id  re ference  used i n  previous tests, because a t  the  higher 

s p e c i f i c  flow r a t e s  t he  100 ps id  range of the  Press-I-Cell would 

have been exceeded. 

pressures  a t  t he  tes t  flow r a t e  before  and a f t e r  each lowering 

t o  0.1 gpm/sq. in. were the  same; therefore ,  no adverse e f f e c t  on the  

contaminant r e t a ined  on the  f i l t e r  was present.  Figure 3.5 i s  a graph 

of the  contaminant capac i ty  curves a t  t he  re ference  flow ra te .  

3.3  gives the  capac i t i e s  and s p e c i f i c  capac i t i e s  t o  10 ps id  f o r  each of 

t h e  5 s p e c i f i c  flow r a t e s  which were used. 

Table 

(See a l s o  Figure 3.6.) 

The r e s u l t s  show an increase  i n  s p e c i f i c  capac i ty  with an increase  

i n  s p e c i f i c  flow ra t e .  

higher  f l u i d  v e l o c i t i e s  through the  pores of t h e  medium fo rce  some con- 

taminant through the  medium which would be r e t a ined  a t  lower f l u i d  veloc- 

i t ies .  

nary phase, but  no appl icable  da t a  i s  c u r r e n t l y  ava i lab le .  

This increase  i s  a t t r i b u t e d  t o  the  f a c t  t h a t  t h e  

Eff ic iency  tests t o  s u b s t a n t i a t e  t h i s  hypothesis  a r e  i n  a p r e l i m i -  
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TABLE 3.3 

CONTAMINANT CAPACITY AS A FUNCTION OF FLOW RATE 

Rate fgpm/sq. i n .  ) to  10 p s i d  (grams) t o  10 p s i d  Cgms/sq.in.) 

0.10 

0.25 

0.50 

0.75 

1.00 

0.098 

0.100 

0.111 

0.123 

0.128 
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CHAPTER I V  

THE FILTRATION TEST STAND 

4.1 In t roduct ion  

A t e s t  s tand was required which would p e r m i t  measurement of t h e  

e f f i c i ency  of wire  c l o t h  media under condi t ions 

1. of var ious  s teady flow r a t e s ,  

2. of p a r t i a l  contaminant loading of the  t e s t  f i l t e r ,  

3 .  which s a t i s f y  the  requirements assoc ia ted  with the t e s t i n g  of 

M i  1 -F -88 15 elements . 
To more c lose ly  s imulate  the  in - se rv ice  loading of a f i l t e r  medium, a 

means was required f o r  i n j e c t i n g  contaminant upstream of the  f i l t e r  

continuously f o r  per iods of the  order  of 30 minutes, while  the  flow r a t e  

and contamination l e v e l  of the  o i l  was maintained constant.  The p r i n c i p l e  

problem was t o  ensure uniform dispers ion  and suspension of the  added con- 

taminant i n  the  o i l  presented t o  the  t e s t  f i l t e r .  

4.2 Descr ipt ion of t he  Tes t  Stand 

Figure 4.1 shows the  func t iona l  diagram of the  stand. O i l  can be 

pumped from the  sump r e s e r v o i r  t o  the  main r e se rvo i r  through a low micron 

depth f i l t e r .  O i l  can be c i r cu la t ed  through the  rest  of the  system by 

a i r  p ressure  i n  the  main reservoi r .  The valving permits flow from the  

main r e se rvo i r  t o  

1. 

2. 

go d i r e c t l y  t o  the  t e s t  sec t ion ,  

go t o  the  test  sec t ion  v i a  the  contaminant mixing chamber, 
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i n  an u l t r a s o n i c  ba . The s l u r r y  was pou 

which was i n i t i a l l y  near ly  f u l l  of system o i l .  

continuously. Table 4.2 shows the  contamination l e v e l  r e s u l t s  obtained 

when 0.1 gram of AC Fine  test dus t  was added t o  the  mixing chamber. 

contaminated o i l  i n  t he  mixing chamber was admitted t o  the  system a t  a 

s teady r a t e  which required about 40 minutes t o  empty the  chamber. The 

The stirrer was run 

The 

samples were taken progressively,  a t  t h e  per iods indicated.  The r e s u l t s  

i n d i c a t e  t h a t  

1. the  contamination level of t he  o i l  a t  t h e  test sec t ion  (upstream 

sampler) i s  s u b s t a n t i a l l y  the  same as t h e  l e v e l  i n  t h e  mixing 

chamber (mixing chamber 

2. contamination l e v e l  

of up to 40 minutes and 

bleed) ,  

i n s  s u b s t a n t i a l l y  cons tan t  f o r  per iods 

hence r e f l e c t s  t h e  e f f ec t iven  



r - ”  





conventional eontaminan 

of AC Coarse test  dus t  were pe r iod ica l ly  i n j e c t e d  upstream of t h e  test  

f i l t e r .  The shapes of t h e  contaminant capac i ty  curves obtained by the  

two d i f f e r e n t  methods a r e  s imilar .  

4.4 Use of t he  Tes t  Stand 

The e f f i c i ency  of wire-cloth media a t  var ious s tages  of t he  l i f e  

cycle  assoc ia ted  wi th  contaminant capac i ty  i s  a t  present  being invest igated.  

The r e s u l t s  presented here  should be regarded a s  i n d i c a t i v e  only. 

A f l a t  sample of 165 x 1400 w i r e  c l o t h  was f i t t e d  t o  the  test  hous- 

ing,which i n  tu rn  was placed i n  the  test  sec t ion  of t he  F i l t r a t i o n  Test 

Stand. 

o i l  i n  the  mixing chamber and dispersed by s t i r r i n g  t o  produce uniformly 

0.15 gram of AC Fine test dus t  was added a s  a s l u r r y  t o  system 
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i n j e c t i o n  method (Sec t ion  3 . 3 ) .  

Table 4.3 shows the  p a r t i c l e  counts obtained from the  samples taken 

during the  t e s t ,  toge ther  with the  ca lcu la ted  e f f i c i ency  values.  Figure 

4.6 shows the  e f f i c i ency  of t he  media near  the s t a r t  and near  the  end 

of i t s  u s e f u l  l i f e .  The e f f i c i ency  shows a small  but  d i s t i n c t  tendency 

t o  inc rease  with use. 

74 



' x  

75 



TABLE 4.3 

EFFICIENCY DURING CONTAMINATION LOADING CYCLE 

Particle 

Size Range 

Number of Particles 
Per Milliliter 

Efficiency 

a U p - Ndown 
UP 

N 

Micron 
Initial Final Ini t i a  1 F ina 1 

Downstream Downstream k k Upstream 

6 - 10 69 196 49535 6,729 8 32 

i o  - 15 567 529 917 38 42 

15 - 20 39 17 219 82 92 

97 20 - 25 37 1 39 

25 - 30 2 1 16 88 94 

30 - 35 1 0 7 86 100 

_ _  



Figure 4.6. Variations in Efficiency 
with Contaminant Loading. 

77 



A requirement ex i s t ed  f o r  a device s u i t a b l e  f o r  taking o i l  samples 

d i r e c t  from a working high-pressure system. The device should: 

1. 

2. 

3. provide samples s u i t a b l e  f o r  t ranspor t ing  long d is tances  f o r  

prevent any environmental e r r o r  due t o  on - s i t e  sampling, 

be simple t o  operate ,  and operable  by normal on - s i t e  personnel, 

l abora tory  analysis .  

Work descr ibed i n  the  1964 r e p o r t  concerning the  sampling of o i l  

from low-pressure systems f o r  contamination ana lys i s  produced seve ra l  

general  requirements f o r  sampling techniques. There were: 

1. The sampling device and procedures should provide demonstratively 

accura te  and repea tab le  samples. 

Any sample containers  used should be cleaned and prepared i n  a 

c lean room environment, and pro tec ted  from atmospheric contami- 

na t ion  during t sampling period. 

2. 
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v e s s e l  i n t o  which i s  placed a precleaned 500 ml. sample b o t t l e  sealed 

with a non-generating film. The sampler i s  connected t o  a s u i t a b l e  

tapping po in t  i n  the  system being sampled, v i a  a length of s t a i n l e s s  

steel  hypodermic tubing. The purpose of the  hypodermic tubing i s  t o  

reduce the  flow r a t e  from the  system t o  the  sampler by causing a ' l a r g e  

pressure  drop without r e s t r i c t i n g  the  flow of contaminant p a r t i c l e s .  A 

sharpened tube of 0.024 in. I . D .  and 6 in. length was found t o  be s u i t -  L 

able  f o r  sampling a 3,000 lb/in2 system. 

hypodermic tubing p ro jec t s  through the  end cap of t h e  sampler a s  shown 

on Figure 5.1. When a sample i s  required,  a va lve  a t  the  system tapping 

poin t  i s  opened t o  p e r m i t  flow t o  the  sampler. The i n i t i a l  f l u i d  reach- 

ing the  sampler  f u l f i l l s  two purposes: 

The downstream end of the  

1. It provides the  necessary f lu sh ing  of t he  l i n e  and f i t t i n g s  

connecting the  system t o  the  sampler. 

2. It f l o a t s  the  sample b o t t l e  u n t i l  t he  sharpened end of the  hypo- 

dermic tubing p ie rces  the  fi lm. 

When a s e a l  i s  pierced, the  b o t t l e  i s  f i l l e d  with a sample of t he  

The la tch ing  mechanism (Figure 5.1) holds t h e  b o t t l e  i n  system f lu id .  

the  f l o a t e d  upr ight  pos i t i on  t o  keep the  f lush ing  f l u i d  from en te r ing  

the b o t t l e ,  the  upper p a r t  of the  b o t t l e  being surrounded with a i r  which 

has been compressed a s  the  f lu sh ing  f l u i d  l e v e l  rises i n  the  sampler. A 

non-return valve i s  included i n  the  l i n e  connecting the  system and sampler, 

t o  o f f s e t  the  p o s s i b i l i t y  t h a t  a i r  trapped under p r e s s u r e  i n  the  sampler 

could be admitted t o  the  system being sampled i f  system pressure  w a s  

r educ ed . 
When the  sample has been taken, t he  sampler can be disconnected from 

the  system, the  pressure  i n s i d e  i t  can be released,  and the  sample b o t t l e  
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r, it is necessary t o  lude a valve i n  the  

the  a i r  p ressure  caused by en t ry  of t h e  f lush ing  f lu id .  Otherwise, the  

a i r  p ressure  may become equal t o  t h e  system pressure,  and flow t o  the  

sampler would cease, 

5 .3  Laboratory Evaluation of the  Sampler 

The performance of t he  high-pressure sampler was compared wi th  the  

r e s u l t s  obtained by proven methods of sampling. 

-- T e s t  No. A high-pressure tes t  s tand was equipped wi th  a quick- 

disconnect f i t t i n g  of t he  type t o  be used f o r  j o in ing  t h e  sampler t o  a 

system i n  the  f i e ld .  A t h r o t t l i n g  valve was f i t t e d  downstream of the  

quick-disconnect f i t t i n g ,  followed by a "tee" f i t t i n g .  This arrangement 

enabled a high-pressure sample t o  be taken through the  quick-disconnect 

f i t t i n g  by the  sampler a t  the  same t i m e  a s  a low-pressure sample was taken 

d i r e c t l y  from the  l i n e  a t  t he  "tee" f i t t i n g .  The gravimetr ic  r e s u l t s  

obtained when var ious q u a n t i t i e s  of AC Fine test  dus t  were i n j e c t e d  i n t o  
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2 5.3 4.8 

3 10.0 10.8 

4 12.5 9- 2 

5 25.5 26.3 

6 21.5 21.5 

2 pressure used for the high-pressure sampling to 100 lb/in 

kinetic sampling. 

for the iso- 

Fluid samples taken simultaneously from a contaminated system were 

Table 5.2 shows the results of evaluated with a HIAC particle counter. 

the two tests which were conducted. 

The results of the laboratory tests indicate that the high-pressure 

sampler will withdraw a representative sample of fluid from a high- 

pressure system. 
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.2 

6 - 10 2,858 2 9 734 

io - 15 663 699 55 9 541 

15 - 20 78 98 67 66 

> 20 39 66 43 37 

TABLE 5.3 

Gravimetric Analysis , mg/l 

Aircraft No. 1 Aircraft No. 2 

Suction Discharge Case Drain Suction Discharge Case Drain 

6.0 5.7 7.5 6.0 5.5 9.0 

6.0 5.0 6.5 6.0 5 -  5 8*9  

% 5  9.5 

8.0 11.4 

8.0 8.0 
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and Nx should each be un i ty  f o r  a pump which i s  no t  generat ing GR 
contamination, and should increase  from un i ty  a s  t he  pump experiences 

wear. Figure 5-5 shows the  form of wear r e l a t ionsh ip  t o  be expected from 

a pump i n  service.  

a f t e r  i n s t a l l a t i o n  of t he  pump, and f a l l  off  a s  t h e  pump becomes "run- 

in." 

constant  generat ion r a t i o .  

a s  the  pump begins t o  wear out, 

The generat ion r a t i o s  a r e  r e l a t i v e l y  l a rge  i n i t i a l l y  

A steady s t a t e  region of normal pump wear i s  r e f l e c t e d  by the  

The generat ion r a t i o  s t a r t s  t o  increase  again 

Figure 5.6 shows the  da t a  p re sen t ly  ava i l ab le  f o r  one a i r c r a f t  sys- 

tern* Ne, Nl0, N,, r e f e r  t o  the  number of p a r t i c l e s  i n  the  samples 

g rea t e r  than 6, 10, and 15 micron respec t ive ly ,  The decaying t rend of 

t he  

The high values  of Nx f o r  t 0 r e f l e c t s  t h e  high i n i t i a l  contamina- 

t i o n  generat ion of the  new pump. 

N x - t i m e  da ta  r e f l e c t s  t he  wearing i n  of t he  newly i n s t a l l e d  pump. 

The samples were taken a t  r e l a t i v e l y  

ed w 5.6. 
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5.5 

range i n  the  case  dra in  samples. 

Gravimetric analyses  va r i ed  i n  t h e  range 3 - 27 mg/l f o r  t he  

samples, and 3.5 - 31 mg/l f o r  the  case  d ra in  samples. 

1. A device s u i t a b l e  f o r  taking o i l  samples from a working system 

has been developed. 

2. Laboratory t e s t i n g  shows t h a t  the  sampler withdraws a represen- 

t a t i v e  sample of f l u i d  from a working system. 

3.  S u f f i c i e n t  f i e l d  tests have been conducted t o  show t h a t  samples 

can be taken by se rv ice  personnel f o r  l a t e r  eva lua t ion  by an experienced 

labora tory  s t a f f .  

4. The device i s  s imple ,  rugged, quick-to-use, and does no t  r equ i r e  

s p e c i f i c  environmental con t ro l  during i t s  use. 



LEWL ANALYSIS 

6.1 

The common methods used f o r  assess ing  the  contamination l e v e l  of 

o i l  systems--optical  assessment and p a r t i c l e  counting, p a r t i c l e  counting 

instruments,  and gravimetr ic  procedures--do n o t  r evea l  t he  t r u e  contr ibu-  

t i o n  t o  contamination of p a r t i c l e s  smaller  than about 5 microns. It i s  

known t h a t  p a r t i c l e s  smaller than 5 microns a r e  present  i n  system o i l  

i n  very l a rge  numbers. 

low s i z e  range can play a s i g n i f i c a n t  p a r t  i n  t he  contamination e f f e c t  

It is  considered a l s o  t h a t  contaminant i n  the  

on component performance. 

Contaminants l a rge r  than 5 microns tend t o  form a r e l a t i v e  loose 

open cake on the  sur faces  of a f i l t e r  media, i n  a somewhat random manner. 

P a r t i c l e s  smaller  than 5 microns tend to black the  f i l t e r  flow passages. 

A s  the  flow passages become blocked, flow of o i l  through t h e m  tends t o  

decay. 

the  r a t e  of decay i s  mathematically predictable .  

Under condi t ions of constant  pressure  drop across  the  f i l t e r ,  

The S i l t i n g  Index i s  

1 

with a 0.8 micron membrane f i l t e r  d i s k  f i t t e d  t o  one end. The o i l  sample 
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t o  be examined f o r  s i l t i n g  p rope r t i e s  i s  placed i n t o  the  cyl inder ,  A 

cons tan t  pressure  i s  appl ied t o  f o r c e  t h e  o i l  through the  membrane f i l t e r ,  

The times required f o r  t h r e e  successive pre-determined volume increments 

of o i l  t o  pass through the  f i l t e r  a r e  noted. 

volume (V,) i s  small, so t h a t  t h e  flow r a t e  i nd ica t ed  by i t s  time of 

flow approximates the  flow r a t e  t o  be expected f o r  uncontaminated o i l .  

The second and t h i r d  incremental  volumes 

t h a t  V3 = 2V3. The S i l t i n g  Index i s  defined a s  

The f i r s t  incremental  

(V2 and V3) a r e  chosen so 

t3 - 2t* 
s =  

where t,, t2, and t3 a r e  the  times required f o r  volumes V 19 V2' and 

v3 
re spec t ive ly  t o  pass through the  membrane f i l t e r .  

The p rec i se  cons t ruc t ion  of and procedure t o  be used with a S i l t i n g  

Index Apparatus i s  descr ibed i n  SAE-ARP 788 (1963). 

has a f i rm  mathematical base, a s  descr ibed by Van Loon (1964) 

The parameter S 

or  i n  1 

Publ ica t ion  ~ ~ 6 8 0 1 3 0 0  of the  Mi l l ipore  F i l t e r  Corporation. 

the  value of S, 

The higher 

the  g rea t e r  the  tendency of t he  f l u i d  t o  s i l t .  

The S i l t i n g  Index apparatus and procedure a r e  s i m p l e  and independent 

of f l u i d  p rope r t i e s  such a s  v i s c o s i t y  and temperature, a s  long a s  such 

p rope r t i e s  a r e  held constant  during a test. 

l o g i c a l  compliment t o  t h e  o lde r  methods of contamination l e v e l  ana lys i s ,  

The method appears t o  be a 

with s p e c i a l  use  i n  the  low s i z e  range of contaminant which the  previous 

methods could no t  adequately cover. 

'Van Loon, J. K., " S i l t i n g  Index," Hyd. and Pneum., March, 1964. 
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6.2 & Evaluation of S i l t i n g  Index f o r  ~ i l - ~ - 5 6 0 6  - O i l  

A S i l t i n g  Index Apparatus manufactured by Mi l l ipore  F i l t e r  Corpora- 

t i o n  was obtained. The apparatus i s  shown diagramatical ly  

A syr inge i s  mounted v e r t i c a l l y  i n  a support  frame. A 13 mm. diameter 

membrane f i l t e r  holder i s  connected t o  the  bottom of the  syr inge  v i a  a 

?-way valve. The valve pos i t i ons  p e r m i t  

1, the  syr inge t o  be connected t o  the  supply l i n e  with the  f i l t e r  

i so l a t ed ,  

2. t he  syr inge t o  be connected t o  the  f i l t e r  holder  with the  supply 

i so l a t ed .  

The f l u i d  t o  be examined can be drawn i n t o  the  cyl inder  up t o  the  " F i l l "  

mark by withdrawing the  syr inge  plunger. A 0.8 micron membrane f i l t e r  

(Mi l l ipore  AAWP 013 00 o r  equiva len t )  i s  f i t t e d  i n t Q  the  f i l t e r  holder. 

The weight i s  placed on the  syr inge plunger t o  generate  a constant  pres -  

sure  i n  the  f lu id .  The valve i s  opened t o  cause flow from the  syr inge 

through the  f i l t e r .  The t i m e s  requi red  f o r  the  l e v e l  of f l u i d  t o  f a l l  

from " F i l l "  t o  "V1" (t,)? t o  V2 (t2)> and t o  V, (t,) a r e  noted and 

used t o  g ive  the  S i l t i n g  Index 

t, - 2t2 

tl 
s =  

The timing operat ion of t he  apparatus was automated t o  e l imina te  

the  inaccuracies  inherent  i n  hand timing. The timing u n i t  c i r c u i t  i s  

shown on Figure 6.2, while  Figure 6.3 shows the  timing u n i t  and S i l t i n g  

Index Apparatus complete. The timing u n i t  conta ins  3 clocks which a r e  

operated from 4 mercury contac t  f i xed  t o  the  plunger weight. A mercury 

pool i s  placed beneath the  contac ts  t o  t r i g g e r  then when t h e  plunger 
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reaches the  appropr ia te  pos i t i on  i n  e syr inge  cy1 

Contact 2: Stops clock 2 a t  t h e  plunger pos i t i on  V2, thus  

2' 
recording t i m e  t 

thus 
v3, 

Contact 3 :  Stops clock 3 a t  t h e  plunger pos i t i on  

recording time . 
t3 

6.21 The Repeatab i l i ty  of S i l t i n g  Index Evaluations 

An i n i t i a l  series of tests was conducted using 1 m i c r w  r a t e d  membrane 

f i l t e r s ,  and MIL-H-5606 o i l  taken from a working system, 

shown i n  Table 6.1 va r i ed  over a r e l a t i v e l y  wide range. 

consis tency of pore s i z e  and d i s t r i b u t i o n  i n  the  1 micron membranes used, 

a series of readings was made us ing  o i l  which had been t r i p l e - f i l t e r e d  

through a 0.45 micron membrane. 

t e s t s  were made using a s i n g l e - f i l t e r  membrane a r e  shown i n  Table 6.2 

t o  be reasonably repeatable.  As t o  be expected, the  S i l t i n g  Index i s  

zero i n  each case,  i nd ica t ing  t h e  high c l ean l ines s  of t he  o i l  r e l a t i v e  

t o  the  f i l t e r .  Table 6.3 shows the  readings obtained when the  t r i p l e -  

The resul ts ,  

To examine the  

The readings obtained when a series of 
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TABLE 6.1 

Source: Contaminated 5606 Hydraulic Fluid,  

New 1. us 

S i l t i n g  Index - T3 

1 2.29 14.8 85.0 24.1* 

2 3.72 33.3 221.3 41.7 

3 2.90 22.0 130.1 29.7 

4 1.88 6.2 80.3 36. o 

TABLE 6.2 

Source: T r i p l e  F i l t e r e d  (0.4511) 5606 Hydraulic Fluid,  

Same F i l t e r  Pad Used f o r  Each Tes t  

3 2.00 9.1 18.2 

4 L90 8*7 17.7 

5 1.77 8.3 16.7 

6 1.89 8.6 17.1 

7 1.85 i8.6 17.1 

8 1.99 8.7 17.3 

9 ~ 8 7  8.5 17. o 

10 1-95 8*7 17.5 

S i l t i n g  Index 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

LOO 



TABLE 6.3 

Source: T r i p l e  F i l t e r e d  5606 Hydraulic Fluid,  

New F i l t e r  Pad Used f o r  Eagh Test 

S i l t i n g  Index T3 
c. 

T2 - T, _I 

1 6.10 28.5 56.4 0 

2 3.91 15.9 30.8 0 

3 74 29 32.5 64. o 0 

4 2.50 11.0 22.0 0 

which a r e  manufactured with c lose  con t ro l  on pore s i q e  f o r  use wi th  t h e  

S i l t i n g  Index Apparatus, 

6,22 The Ef fec t  on S i l t i n g  Index & F i l t e r  Pad Pore Size 

The S i l t i n g  Index test was conducted with a range of f i l t e r  pad 

s i zes ,  using MIL-F-5606 containing 30 mg/l of the  0-5 micron por t ion  of 

AC Fine tes t  dus t  as  t he  t e s t  f l u id .  

i nd ica t e  t h a t  f i l t e r  pads of pore s i z e  g rea t e r  than 1.2 micron a r e  

i n s e n s i t i v e  t o  s i l t i n g  under the  prescr ibed conditions.  The s tandard 

S i l t i n g  Index pad of 0.8 micron r a t e d  pore s ize  is  a l s o  f a i r l y  insens i -  

t i v e  giving very low values  f o r  S i l t i n g  Index. 

pads were increas ingly  sensi t ive,  giving la rge  values  f o r  S i l t i n g  Index. 

The r e s u l t s  i n d i c a t e  t h a t  t h e  use of a p a r t i c u l a r  pad size, such as the  

recommended 0.8 micron pad i n  the  present  case, l i m i t s  the  f l e x i b i l i t y  

of t he  S i l t i n g  Index test  by l imi t ing  the  range of contaminant l eve l s  

t o  which the  test i s  sens i t ive .  

The r e s u l t s ,  shown on Figure 6.4 

The smaller  pore s i z e  
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S a e  ( c G  + d) 
S = aG f b, o r  log  l o  

where a, b, c, and d a r e  constants ,  and G i s  the  gravimetr ic  level.  

It appears t h a t  S i l t i n g  Index can be co r re l a t ed  to  gravimetr ic  ana lys i s  

for  low micron contamination. It i s  considered l i k e l y  t h a t  add i t iona l  

contaminant of l a rge r  s i z e s  w i l l  no t  appreciably a f f e c t  a S i l t i n g  Index 

evaluation. However, l a rge  p a r t i c l e s  w i l l  increase  a gravimetr ic  evalua- 

t ion,  and hence i t  i s  l i k e l y  t h a t  the  c o r r e l a t i o n  of Figure 6.5 i s  

appl icable  only t o  low micron contamination condi t ions.  

F igure  6.6 which shows a s imi l a r  semi-log p l o t  f o r  0-20p contamina- 

t i on ,  i l l u s t r a t e s  t h e  poorer c o r r e l a t i o n  f o r  t he  l a r g e r  s i z e  contaminant, 



0 -5 Contaminant. 
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Figure 6.6. Silting Index Vs. Gravimetric Level 
for 0-2Op Contaminant. 
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a 

A 

B 

C 

g 

h 

K 

L 

n 

Q 

r 

Rm 

t 

Volume of s o l i d  p a r t i c l e s  removed per  un 

Surface a rea  of f i l t e r  element and cake normal t o  d i r e c t i o n  of 

f ilt 

flow. 

A constant  assoc ia ted  with cake f i l t r a t i o n  which descr ibes  
p a r t i c l e  shape and o r i e n t a t i o n  i n  the  cake and the  length  of 
flow path/thickness r a t i o  o f  the  cake. 

Constants assoc ia ted  with l i n e a r  P - W curves. 

Accelerat ion due t o  gravi ty .  

The length of t he  pores of a f i l t e r  medium. 

The plugging constant  assoc ia ted  with a f i l t r a t i o n  mechanism. 

Length of pore of f i l t e r  medium, 

An exponent assoc ia ted  with the  mechanism of f i l t r a t i o n .  

flow r a t e  of f l u i d  through a f i l t e r .  

E f fec t ive  i n i t i a l  pore r ad ius  of a f i l t e r  element. 

Resis tance t o  flow of t he  f i l t e r  element. 

Spec i f i c  su r face  of p a r t i c l e s  of contamination. 

Time. 
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CY Spec i f i c  r e s i s t a n c e  t o  flow of a f i l t e r  cake. 

AP Pressure drop across  a f i l t e r .  

Pressure  drop across  a f i l t e r  when uncontaminated f l u i d  i s  flowing 
through it. AP0 

e Poros i ty  o r  void f r a c t i o n  of a f i l t e r  cake. 

Density of con taminat ion  p a r t i c l e s .  

Dynamic v i s c o s i t y  of the  f l u i d  flowing through the  f i l t e r .  

PS 

P 



Evaluation Test Stand i s  a multi-purpose un i s  

used t o  perform contaminant capaci ty  and pressure  versus  flow tests on 

f i l t e r  elements. 

i s  the  t h i r d  u n i t  constructed a t  OSU; and, therefore ,  the  design con- 

cepts  included i n  i t  represent  t he  experience gained i n  using the  two 

previous t e s t  stands.  

The Evaluation Stand used f o r  t he  tests i n  t h i s  r epor t  

A schematic diagram of the  test s tand i s  shown i n  Figure B . l .  The 

s tand i s  equipped with a va r i -d r ive  motor and p m p  u n i t  wi th  flow capa- 

b i l i t i e s  up t o  45 gpm. 

t o  wi th in  f O.5'F of the  des i red  temperature f o r  a given test. The 

c i r c u i t  includes a 0.5 micron nominal con t ro l  f i l t e r  which maintains a 

contaminant l e v e l  i n  t h e  t e s t  f l u i d  w e l l  below t h a t  which would "load" 

any of the  elements being evaluated. The flow r a t e  through the f i l t e r  

under examination i s  measured by a Fischer  and Por te r  t u rb ine  meter and 

displayed on a d i g i t a l  counter. The d i f f e r e n t i a l  p ressure  across  the  

The temperature of t he  system f l u i d  i s  maintained 

element and housing is  asured with a 0-200 p s i  Heise gage t h a t  i s  sub- 
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i s o l a t e d  from the  s y  

upstream of 

e volume of t 

nant i s  added t o  the  i n j e c t i o n  chamber i n  the  form of a s lur ry .  This 

s l u r r y  i s  prepared by placing the  des i r ed  weight of contaminant i n t o  

an u l t r a s o n i c a l l y  cleaned 125 m l  bo t t l e .  The b o t t l e  i s  then f i l l e d  

with clean system f l u i d  from an o u t l e t  on the  stand and then it  i s  

placed i n  an u l t r a s o n i c  bath t o  d i spe r se  the  contaminant i n  the  f lu id .  

This s l u r r y  i s  then immediately added t o  the  i n j e c t i o n  chamber by remov- 

ing  the  chamber top and dra in ing  200 m l .  of f lu id .  Af te r  pouring the  

s l u r r y  i n t o  the  chamber, the  b o t t l e  i s  then r e f i l l e d  and shaken and t h e  

r i n s e  f l u i d  and r e s i d u a l  contaminant i s  added t o  the  chamber. Upon 

c los ing  t h e  chamber the  upstream and down stream valves  a r e  then opened 

allowing a por t ion  of the  system flow t o  pass through the  chamber and 

ca r ry  the  suspended contaminant i n t o  the  main flow upstream of t h e  test 

f i l t e r .  

The bypass flow continues f o r  a t i m e  per iod which i s  s u f f i c i e n t  f o r  

a l l  of t he  contaminant t o  reach the  f i l t e r .  A t o t a l  volume 3 t i m e s  t h a t  

of the  chamber volume i s  adequate. The bypass flow r a t e  i s  cont ro l led  
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across  the  element reaches a predetermined level .  

There a r e  seve ra l  requirements which have been found t o  be of extreme 

importance i n  order  t o  conduct contaminant capac i ty  t e s t s  which a r e  mean- 

i n g f u l  and reproducible.  These requirements a r e  s a t i s f i e d  i n  the  design 

of t h i s  s tand  and the  procedures ou t l ined  above. These requirements i n  

summary a r e  as follows: 

1. A constant  flow r a t e  and temperature through the  f i l t e r  must 

be maintained throughout t he  test. 

2. The contaminant must be thoroughly dispersed i n  the  test f lu id .  

The addi t ion  of dry contaminant without  d i spers ion  r e s u l t s  i n  

the  aglomeration of t he  contaminant and o f t en  can give erroneous 

r e s u l t s .  

Thorough f lu sh ing  of the  i n j e c t i o n  system a f t e r  each addi t ion  3 .  

of contaminant i s  mandatory f o r  r e l i a b l e  test  r e s u l t s .  

4. "Contaminant t raps"  between the  in j ec t ion  chamber and t h e  t e s t  

f i l t e r  should be eliminated, 
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APPENDIX C 

FILTER ELEMENT AND MEDIA CLEANING PROCEDURES 

n many o 

required t h a t  f i l t e r  elements and f i l t e r  media be res 

s t a t u s  following a contaminant capac i ty  t e s t .  Previous i n v e s t i g  

red t o  a c lean  

a t  QSU have demonstrated t h a t  wire c l o t h  can be cleaned t o  i t s  i n i t i a l  

c l ean l ines s  l e v e l  by the  proper use of u l t r a s o n i c s  i n  conjunction with 

s u i t a b l e  c leaning solvents .  The cleaning procedure used f o r  c leaning 

the  elements and media t e s t ed  i n  t h i s  study i s  a s  follows: 

1. The contaminated u n i t  i s  placed i n  petroleum e the r  f o r  degreas- 

i ng  and then i s  allowed t o  dry. 

2. The u n i t  i s  placed i n  a beaker containing water and a l i qu id  

de te rgent  and the  beaker i s  placed i n  an u l t r a son ic  bath. 

3.  Afte r  v ibra t ion ,  t he  u n i t  i s  r insed  wi th  water, dr ied,  and 

shaken again i n  a beaker of t r i p l e - f i l t e r e d  (0 .45~)  t r i c h l  

ethylene. 


